
US007952697B2 

(12) Umted States Patent (10) Patent N0.: US 7,952,697 B2 
Fedele et a]. (45) Date of Patent: May 31, 2011 

(54) COFFEE REFRACTOMETER METHOD AND 2006/0196363 A1 9/2006 Rahn 

2008/0282897 A1 * 11/2008 Webster et a1. ............... .. 99/280 

(75) Inventors: Vincent Fedele, Acton, MA (U S); Philip FOREIGN PATENT DOCUMENTS 
Galldet, ROCkPOrI, ME (Us); Daniel DE 10350747 Al 5/2004 
Henri Raguin, Acton, MA (US) EP 0554008 A2 8/1993 

EP 1637055 A2 3/2006 

(73) Assignee: Voice Systems Technology, Inc., EP 1875807 A1 1/2008 
Harvard, MA (US) (Continued) 

( * ) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS 

Patent 15 extended Or adlusted under 35 Adler Coffeegeeki“Measuring Coffee Strength With aBrix Meter”, 
U'S'C' 154(1)) by 147 days‘ Downloaded from the Internet: URL:http://coffeegeek.com/forums/ 

coffee/machines/372l85?LastView+l2270656l5&Page+l> 
(21) APP1- NOJ 12/247,232 (retrieved on Jan. 27, 2010) (Jan. 16,2006). 

(22) Filed: Oct. 8, 2008 (Continued) 

(65) Prior Publication Data Primary Examiner * Roy Punnoose 

Us 2010/0085560 A1 Apr 8 2010 (74) Attorney, Agent, or Firm * Mark P Kahler 

(51) Int Cl (57) ABSTRACT 
G01N 21/41 (200601) A coffee refractometer includes a prism that receives a 

(52) U 5 Cl 356/134 brewed coffee sample, thus forming a prism-sample inter 
58 F,‘ I'd "" "_ "" """ """""""""" " 356/134 face.Aprocessor ormicrocontroller controls a light source to 

( ) S19 0 1_ is“ ?clatiqon earcl t " h h_ provide incident light to the prism-sample interface. The 
ee app 102‘ Ion e or Comp e e Seam 15 Dry‘ pnsm-sample lnterface refracts hght toward a photodetector. 

_ A temperature sensor provides temperature information to 
(56) References Clted the processor. The refractometer includes a memory store that 

stores a TDS formula that expresses the TDS of brewed coffee 
U'S' PATENT DOC_UMENTS as a function of the index of refraction (n5) of brewed coffee 
2 E‘Fuslnkveld and the temperature of brewed coffee. The processor deter 

5’355’2 U A 10/1994 T?gfnpson mines the TDS of the brewed coffee sample by accessing the 
535823717 A 12/1996 Di Santo TDS formula in the memory store and employing the deter 
5,72l,005 A 2/1998 Gutwein mined index of refraction (nS) of the brewed coffee sample to 
6,034,762 A 3/2000 C0tt0I1_ ?nd the TDS from the TDS formula. The refractometer dis 

(Alllnmetn plays the resultant TDS % on a display of the refractometer 
7’492’447 B2 2/2009 Nakigrilgg and/or transmits such information to an information handling 

2004/0145731 A1 7/2004 Nakajima System 
2004/0177762 A1 9/2004 Gutwein 
2005/0103202 A1 5/2005 Rahn 16 Claims, 30 Drawing Sheets 

'FEEFRKGFdh/Téfé? ---------------------------- _ - 

1020 1027 1034 1025 
1015 

l 

l 

g 1060 CONTROLLER 
: 1047 1065\ — : D'SPLAY 049 NETWORK 
: @] INTERFACE 
l 1 
l 



US 7,952,697 B2 
Page 2 

FOREIGN PATENT DOCUMENTS 

GB 2111377 A 7/1983 

OTHER PUBLICATIONS 

ATAGO1i“Automatic Digital Refractometers RX-CX Series” 
(downloaded from www.atago.net/english/images/catalog/RX-al 
phaiepdf on Aug. 12, 2008). 
ATAGO2i“Digital Hand-held “Pocket” Refractometer PAL Spe 
cial Scales” (downloaded from www.atago.net/english/productsi 
palsp.php on Feb. 23, 2010). 
BRIXi“BriX” (downloaded from http://en.wikipedia.org/wiki/Brix 
on Aug. 31, 2008). 
BS Bellingham & Stanley RPM 81 Automatic for Salei 
“Bellingham & Stanley Automatic Refractometer RPM 8” (down 
loaded from http://www.labX.com/v2/adsearch/Detail3. 
cfm?adnumb:366291 on Sep. 1, 2008). 
CB PUBi“The Direct Reading Coffee Hydrometer” Publication 
No. 61, The Coffee Brewing Center (1970). 
Cole-Parmeri"Refractometers” (downloaded from URL http:// 
www.coleparmer.com/techinfo/techinfo. 
asp?html?le:Refractometers.htm&ID:633 on Sep. 24, 2008). 
Hansoni“Refractometry: Theory, Analyzing Results” (downloaded 
from http://www2.ups.edu/faculty/hanson/labtechniques/ 
refractometry/interprethtm on Sep. 24, 2008). 
Linglei“The Basics of Brewing Coffee” Coffee Brewing Hand 
book, Speciality Coffee Association of America, ISBN 1-882552 
03-2 (1996). 
LockhaIti“The Soluble Solids in Beverage Coffee As An IndeX To 
Cup Quality” Publication No. 27, The Coffee Brewing Center (1969). 
Paselki“The Evolution of the Abbe Refractometer” (downloaded 
from http://www.humboldt.edu/%7Escimus/Essays/EvolAbbeRef/ 
EvolAbbeRefhtm on Jun. 1, 2008). 
Philiplaveni“Refractive index as a function of wavelength” (down 
loaded from http://www.philiplaven.com/p20.htrnl on Jun. 1, 2008). 
REICHERT1i“AR200 Refractometer User’s Guide” (downloaded 
from www.reichert.com Feb. 1, 2010). 
REICHERT2i“Reichert r2mini Digital Refractomer Brochure” 
(Oct. 2008). 

REICHERT3i“r2mini Refractometer User Guide” (downloaded 
from www.reichert.com Feb. 1, 2010). 
SCAA1i“SCAA Shop Technical Tools” (downloaded from http:// 
www. scaa. org/ shop/ pro ductidetail . asp?pro ductid:R4003 00 on 

Sep. 19,2008). 
SCAA2i“Coffee Brewing Control Chart Brewing Ratio: Grams per 
Liter”, Specialty Coffee Association of America (1966). 
SCAA3i“Coffee Brewing Control Chart Brewing Ratio: Grams per 
6.0 H. OZ. per Cup”, Specialty Coffee Association ofAmerica (1966). 
SCAA4i“Coffee Brewing Control Chart Brewing Ratio: Ounces 
per Half-Gallon”, Specialty Coffee Association of America (1968). 
SCAIi“SCAE Gold Cup Training Filter Brewing for 
Brewmaster’s”, Speciality Coffee Assn. of Europe, Coffee Fiesta, 
Antwerp (2007). 
SCIENCECOiAutomatic Digital Refractometer, Atago RX-007 
(downloaded from http://secure.sciencecompany.com/Automatic 
Digital-Refractometer-Atago-RX-007-alpha-P16117C688.aspX on 

Aug. 12, 2008). 
TOPACi“BriX Refractometers” (downloaded from http://www. 
topac.com/refractPR101.html on Aug. 31, 2008). 
Pope R Di“Pulse brew and Pre-infusion”, Tea & Coffee Asia, vol. 
Q1, pp. 54-56, XP002567632 (Mar. 2008). 
Thormaleni“Refractive IndeX of Water and Its Dependence on 
Wavelength, Temperature, and Density”, J. Phys. Chem. Ref. Data, 
vol. 14, No. 4, XP002567322 (1985). 
PCT Search Report and OpinioniPCT/US2009/059588, Interna 
tional Filing Date May 10, 2009. 
PCT Search Report and OpinioniPCT/US2009/059593, Interna 
tional Filing Date May 10, 2009. 
Bellinghami“Refractive IndeX & BriX Temperature Relationship”, 
Bellingham & Stanley Sheet (2007). 
Kerncheni“ABBEMAT High 
Refractometers”, (2003). 
MadseniMessage from the President, ICUMSA News 39 (2000). 
PollachiMethod of Particle Size Evaluation (2004, 2006). 
ReichertiInstruction ManualiBriX Scale (2003). 

Performance Automatic 

* cited by examiner 



US. Patent May 31, 2011 Sheet 1 0130 US 7,952,697 B2 

FE 1 n 105 110 
162mm, 

(PREO ART) EXYRACTEON ~ PERCEM 
2.08 

1,90 ‘ 1.80 ~ KJWE 

.1 m ' mTERRELAnoNsHW B'ETW 
,_'6O SOLUBLE sows, EX'TRACTEON 
{g0 ,. AND BREW FcRmum 
11:14 1 LEGEND 
113.3, - a m BRE‘MNG COMMWTEE, 
31,6 : wax-10mm COFFEE ASSOQA'HQN 

1,10 l {=3 MDWEST RESEARCH 11151111111»: 

1,00 -- 1 ------ ~ 

,,,,,,,, .ss ' 

20 

4o ‘ ; 

SOLUBLE SOLiDEi PERCENT 

.20 
10 

EREW FORMULA -~ {BALE}. PER POUND 

(CBC Pubiicaiio? Nct-v 27, 1969, p12,} 



US. Patent May 31, 2011 Sheet 2 0130 US 7,952,697 B2 

2 EXTRACUON: m5 
(PRiOR ART) 15 17 19 21 23 25 PERCENT ‘ m 

4 :1 OZPER D 

> ~ '- _ 1» ~ ~ a ,_ ~ ENTERRELAT! :P 219 

m0 v . 1 v: -- _> - f. > > - aowsu; 501.103, axmmnow 2:69 

. ; . 1 AND BREWmRMULA 

‘ , » I . . LEGEND: 1,90 

1-49 ‘ _ Y EBREWiNG com/111155 *5 ' :. - . NATKBNALCOFFEE ASSOCSAHON 180 g; 

g 1.30 61111311561 REsEARcHaNsnTmE, . HO 3, 

g % 
a: 1.20 . 1.60 a. 
(1} [\i 
Q] A 1.59 Q 
22 1. :O r 
5»; ” 40 g 

1 s " 
g Q 1.30 55‘ 
CG U1‘ 

3 (390 1.20 g 
w 1.10 3 

0.80 O 
1.00 w 

020 . 

we 

0.60 3.86 
1.00 4.25 1.50 1.75 2.60 2.25 2.50 2.75 3.60 3.25 3.50 3.75 

BREW FORMULA - GALS. PER POUND 

{CEO Pub?cation N0. 27, 1969, p13.) 



US. Patent May 31, 2011 Sheet 3 0130 US 7,952,697 B2 

(PREOR ART) 

CFFEE EiN CHART 
FORMULA ~ {BALLONS PER POUND 

15a 1,75 2.99 2.25‘ _7 2,50 1.59 

STRONG 
‘$.46 

' f;. i' 55 2:15 

365 
1,30 

,,,,,,,, - . 

1.29 

"Hi3 
. 

1.09 

EXTRACTE?) SOUDS iN SOLUTEQN “ PERCENT FORMULA» GALLQNS FER PGUND 

(3.90 

0,80 T. I: ~ ' 

2.80 2.25 2.59 27$ 3. 0 3.25 3. a 3.75 4,110 111.25 4.56 

EXTRACHQN - OUNCES PER mums 

{CBC F’ubiécation N0, 43, 1959) 



US. Patent May 31, 2011 Sheet 4 0130 US 7,952,697 B2 

(FRiORART) 

CFFEE 
FGRMULA ~ GALLONS PER F‘GUND 

253 1.59 1.75 2,96 2.25 
15G 

% QZQQQ mwa wzcjqm , 332mg 
5 3 G 5 AU 5 Q 

J 0 2 5, Y. 0. 2 3,. 3 3 3 A, 

UND “ ‘ DEVE FED 

D E11) ED - 

RU AU AU AU 9 ?u AU 
4 3. 2 1 0, 2 a 

EXTRACWQN (PERCENT) 



US. Patent 

STRENGTH SOLUBLES CONCENTRATION - PERCENT 

May 31, 2011 Sheet 5 0f30 US 7,952,697 B2 

COFFEE BREWING CONTROL CHART 
(PRIOR ART) GRAIVIS COFFEE PER LITER 

1.65% 

1.60% 

1.55% 

1.50% 

1.45% 

1.40% 

1.35% 

1.30% 

1.25% 

1.20% 

1.15% 

1.10% 

1.05% 

1.00% 
14.0% 15.0% 16.0% 17.0% 18.0% 19.0% 

EXTRACTION SOLUBLES YIELD - PERCENT 

20.0% 21.0% 22.0% 23.0% 24.0% 25.0% 26.0% 



US. Patent May 31, 2011 Sheet 6 0130 US 7,952,697 B2 

COFFEE BREWlNG CONTROL CHART 
(PRIOR ART) OUNCES COFFEE PER 1.0 GALLON WATER 

8.0 7-75 7.47 
8.13 7.88 763 

1.65% 

1.60% 

STRENGTH SOLUBLES CONCENTRATIGN - PERCENT 
E»\ o\ 

1.05 

1.002 
121.0% 15.0% 16.0% 17.0% 18.0% 10.0% 20.0% 21.0% 22.0% 23.0% 24.0% 25.0% 26.0% 

EXTRACTION SOLUBLES YIELD - PERCENT 



US. Patent May 31, 2011 Sheet 7 0130 US 7,952,697 B2 

FIG. 4D COFFEE BREWING CONTROL CHART 
OUNCES COFFEE PER HALF-GALLON WATER 

4.25 4.23 4.00 3.88 .75 

1.60% 3.63 

1.55% 3 50 

1.50% 
3.38 

1.45% 

3.25 
1.40% 

1.35% 3.13 

1.30% 

1.25 

1.20% 

1.16% 

STRENGTH SOLUBLES CONCENTRATEGN — PERCENT 

1.10% 

1.05% 

1.00°/ 
111.0% 15.0% 16.0% 17.0% 18.0% 19.0% 20.0% 21.0% 22.0% 23.0% 24.0% 25.0% 26.0% 

EXTRACTION SOLUBLES Y1ELD - PERCENT 



US. Patent 

STRENGTH SOLUBLES CONCENTRAWON ~ PERCENT 

May 31, 2011 Sheet 8 0130 US 7,952,697 B2 

i """ " - 

- 5-1-15 E 55-1-1 CNT (PRiO ART’) OUNCE8 coEEEE PER 1.0 131111.011 WATER 

155% 5.1 2.0 1.9 

.. , / 
100/” 81831356 EXEQEQ 1.8 

UNEERgy S R m 353%?! 
1.55% 1 E1 E1. QEEE ii 1 

/ 
1.50% I, W 

1.45% / / 

1.4011 / 16 

1.35% _ ’ 

11mm‘ . 

- DEJEEOPEB Em“ 

1.30% ,1 

1.21% I / 

1.211% I 

1.15% , 

A1; 

1.10% 1 

1.115% // 
1.110% g 

11.0% 15.11 111.1% 11.0% 18.1% 11.1% 211.0% 21.01.122.111 211.1111 21.11112101- 21.1% 

EXTRACTEON SOLUBLES YiELB ~ PERCENT 



US. Patent May 31, 2011 Sheet 9 0130 US 7,952,697 B2 

FIG. 5 

UNIVERSAL COFFEE BREWING CHART 

BREW FORMULA : RATIO OF WEIGHT OF WATER 
TO WEIGHT OF COFFEE 

17.19 

5 / 0 

‘E 1'60 /° STRONG STRONG sTRggé 
Ii] 

“55% BBQ/@1511?) B" R 
ES’ ' ,3 \v/sm 
I~;-1.50% 
2 , 

91.45% 5 ‘RE FORMULA 
5.140% RATO=1719 
U} . 

Z O 

(8 35/0 UNDER~ Bn-T: 
g 130% DEVELOPE. 
U) 

%1.25% 
m 

3 
(31.20% 
“.1 
51.15% (3 WEAK WEAK 
51 100/ UNDIER- WEAK EETTER 
E ‘ “ DEVELOP 

‘01.05% , 

/ 1.00°/ 
134.0% 16.0% 18.0% 20.0% 22.0% 24.0% 26.0% 

15.0% 17.0% 190% 210% 23.0% 25.0% 

EXTRACTION (SOLUBLES YIELD) - PERCENT 

0 - DESIGN TDSO/O, EXTRACTION 

O — ACTUAL. TDSOI/D, EXTRACTION 



US. Patent May 31, 2011 Sheet 10 0130 US 7,952,697 B2 

FIG, 6A 

635 

1 EDO ' 

GRAPHICS ONTROLLE 

.. , f 606’ 

1 3 CFFEE 3 

DESIGN { 
3: 1, AUCATIO ' ' 

602" 

608 

Mom ' 

COMPUTER 

670 

i‘ PERATsNe " 
1 SYSTEM H 

NETWGRK ‘ - 

BNTERFACE 

5 ‘ 

V EXPANSION BUS '” 



US. Patent May 31, 2011 Sheet 11 0f 30 US 7,952,697 B2 

FIG. H 
[@175 

680x sa5\ 
SENSOR RF commumcmow 
PACKAGE 

CT) 00 1 w 

‘ ACCELEROMETER 

SENSOR » 

PROXiMiTY z 

SENSOR j 

‘ TOUCH v 

; SENSOR ‘ 

PHOTC) 
SENSOR 

PACKAGE 

090%,‘ 676,‘ i 
g mSpLAy MICROCONTROLLER 

s77 ’ 

691 I MEMORY 

CAMERA l FiRMWAR 

SY8TEM (GPS) 5 

N/OLTiM‘ 

GLOBAL POSITION 

679 . 

COFFEE DE$iGN " 

5 APPLICATION j 



US. Patent May 31, 2011 Sheet 12 0130 US 7,952,697 B2 

FIG. 7A 
COFFEE DESIGN AND MEASUREMENT PROCESS FLOW CHART 

SET SET {BREWING WATER VOLUME OR INPUT=BREW WATER OUTFUT=GROUIID COFFEE A COFFEE YIELD, & CHART 
PREFER' DESIGN DESIRED COFFEE YIELD OR INPUTICOFFEE YIELD OUTPUTIGROUND COFFEE A BREW WATER, A CHART 
ENCE3 MODE GROUND COFFEE WEIGHT INFIIT=GROUND COFFEE OUTFIIT=BREW WATER A COFFEE YIELD, IICHART 

-\ SET STARTING WATER TEMP DEFAULT IS 55 DEG USE SD-TDF IF USING HOME BREWER WITH BOTTLED OR TAF WATER 
705 START BREWING TEMP DEFAULT IS 201, TYPICAL RANGE IS 190-205 DEG F 

SELECT UNITS DEF F OR DEG C DEFAULT IS DEG F 

SET COFFEE TARGET EXTRACTION DEFAULT IS 26% 
SET ICED COFFEE TARGET EXTRACTION DEFAULT IS I9% 
SELECT ICED COFFEE TARGET TOS STRENGTH DEFAULT IS 2% 

SETBREWCHART PREFERENCES ENABLE PAIIIZOOM 
TURNONIOFFTASTDEFECTLABELS 
TURN ONIIOFF REGION LABELS 

DESIGN SELECTS‘IARTINGVALUEUNITS 

PROTOCOL COFFEEVIELD MILLILTTERS, LITERS, FLOUIICES, QUARTS, GALLONS 
“\ GROUND COFFEE GRAINS, OUNCES, POUNOS 
7 I O WATERVOLUIIIE MILLILTTERS, LITERS, FL OUNCES, OIIARTS, GALLONS 

SELECT CALCULATED VALUE UNITS 
(IFAPPLICABLE) 

COFFEE YIELD MTLLILITERS, LITERS, FL OUNCES, OUARTS, GALLONS 
GROUND COFFEE GRAMS OUNCES, POUNDS 
WATER VOLUME MLLLILITERS, LITERS, FL OUNCES, OUARTS, GALLONS 

SET START=BREW TEMP 

CHECII EF USING COMMERCIAL BREWER WITH BOILER TANN 
UNCHECK EF USING HOME BREWER WITH TAP OR BOTTLED WATERAT 50-75 OEG 

SET DESIRED STRENGTH PRFERENCE 
ADJUST STRENGTH SLIDER III TOSIL TDS RANGE IS BASED ON BEVERAGE TYPE, HOT COFFEE IS LIIaZII‘N TDS 

BREW FORMULA CURVE IS DRAWN ON GHCC UNIVERSAL BREWING CONTROL CHART 
DESIGN POINT ON BREW FORMULA CURVE IS PLOTTED IN RED 

EXTENDED RANGE AELOWS TL TOS SLIDER AND CHARTING RANGE FROM DAD -2.DD% 

FOR ICED COFFEE SELECT ICE UNITS (GRATIS, OUNCES, POUNDS) 
FOR ICEO COFFEE SELECT FINAL YIELO (MTLEILITERS, LITERS, FL OUNCES, OUARTS, GALLONSI 



US. Patent May 31, 2011 Sheet 13 0130 US 7,952,697 B2 

FIG. 7B 
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